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Abstract
We directly measure the photo-induced insulator-to-metal transition in VO 2 using time-resolved Near-Edge X-ray Absorption. Picosecond pulses of synchrotron radiation are used to detect the red-shift in the Vanadium L 3 edge at 516 eV, which is associated with the transient collapse of the low-Temperature bandgap. We identify a two-component temporal response, corresponding to an ultrafast transformation over a 50-nm surface layer, followed by 40-m/sec thermal growth of the metallic phase into the bulk.
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The study of photo-induced phase transitions in strongly correlated systems 1,2 with timeresolved spectroscopy is an important research direction in condensed matter physics.
Impulsive optical excitation of the system can lead to formation of the product phase along non-equilibrium, possibly vibrationally coherent physical pathways. Probing the transient behavior of the system as it is undergoing its phase change provides new insight into the underlying, microscopic physics, which is sometimes hidden in time-integrated measurements. However, the amount of quantitative information that can be extracted from measurements at visible wavelengths is limited, motivating interest in short-pulse xray spectroscopy. To date, scientific applications of ultrafast x-rays have concentrated primarily on time-resolved diffraction measurements. This has been driven in part by developments in tabletop plasma-sources 3, 4 , early laser-e-beam interaction schemes 5, 6 , fast
x-ray detectors 7 and synchrotron instrumentation 8 . 22, 23 . Ultrafast optical 24 and x-ray diffraction experiments 16 on the photo-induced transition in VO 2 show that changes in both atomic and electronic structure occur on the sub-picosecond timescale, where their detailed relationship is yet to be fully understood. Thus, ultrafast spectroscopy tools for the direct measurement of electronic structure are necessary. The spectral region of interest is around 500 eV, encompassing the Vanadium L edges and the Oxygen K edge. This spectral range is poorly covered by high-order harmonics or plasma sources. The present work demonstrates measurements of the insulator-to-metal transition with 70-ps resolution using tunable pulses of synchrotron radiation, an important step toward future experiments on the femtosecond timescale 25 .
First, we characterized the ultrafast response of VO 2 by means of femtosecond optical measurements, which we briefly summarize here as supporting evidence for the time- The optical reflectivity response of 50-nm and 200-nm thick films is reported in figure 1 .
The experiments were performed in pump-probe geometry at near-normal incidence, Static XAS experiments were performed at beamline 6.3.2 of the Advanced Light Source.
The absorption spectrum around the Vanadium L 3,2 edges and the Oxygen K edge was measured for the two phases with 100-meV resolution (figure 2a, continuous curve).
These measurements were performed in transmission geometry through free-standing 
